Monolinguals harness language-specific prosodic cues for the purpose of segmenting out words from the speech stream. However, if and how bilinguals are able to do so in both their languages is less certain. In the current study, 26 English monolinguals, 28 French monolinguals, and 41 English-French adult bilinguals heard streams of both English-and French-accented nonsense syllables. While there were clear differences between the monolingual English and French groups, there was no difference between the performance of English-dominant and French-dominant bilinguals, nor between simultaneous versus sequential bilinguals. As a group, English-French bilinguals did show evidence of different segmentation strategies between language streams. It is therefore concluded that in certain conditions, bilinguals appear to be able to switch stress-based segmentation strategies between their languages. The use of the Hearing in Noise Test (HINT) as a promising new method for measuring language dominance in bilinguals is also discussed.
syllable is the most fundamental unit of meter, using only a syllable-based parsing strategy will not get one very far. How then would a listener of French parse the speech stream? As already mentioned, all languages, regardless of timing group, contain some sort of stress. In French, given the fact that stress occurs in the last syllable in a phrase (Di Cristo, 1988) , an iambic (weak-strong) parsing strategy, although very imperfect, is used by monolinguals when no other cues are available (Tyler & Cutler, 2009 ). As such, English-French bilinguals provide an excellent test case for examining bilinguals' ability to switch prosodic parsing strategies between languages, since French and English monolinguals' parsing strategies are completely opposite (recall that in English, a trochaic strategy is used).
While English-French bilinguals have not yet been tested on a task designed to tap into a listener's ability to parse words from a continuous speech stream, Dutch-French bilinguals (Goetry & Kolinsky, 2000) have. Dutch, like English, is characterized by predominantly trochaic stress. The French-dominant bilinguals behaved like Dutch monolinguals when hearing Dutch (by using a trochaic parsing strategy) and like French monolinguals when hearing French (by using an iambic strategy). Unfortunately, Dutch-dominant bilinguals were not tested. As such, while this provides exciting evidence that bilinguals can switch between two types of rhythm-based parsing strategies, the potential role of language dominance has yet to be fleshed out. This is especially important given that studies of syllable-based versus rhythm-based parsing (Cutler et al., 1989; Kearns, 1994) , although contradictory , suggest that dominance may play a role. Another criticism of Goetry and Kolinsky's (2000) study is that they used naturalistic stimuli, and so did not control for other potential cues to word boundary such as coarticulation. In the present study we therefore used an artificial language learning (ALL) approach in which the listener is exposed to a carefully controlled stream of continuous speech. With this method it is possible to develop essentially language-neutral materials and to control the statistical and acoustic-phonetic properties of the speech materials.
The goal of this study is therefore to test French-English bilinguals -including both English-and Frenchdominant ones -in order to determine how they parse continuous speech. Monolingual English and French participants are also tested with the same materials for comparison: recall that English monolinguals should use a trochaic strategy while French monolinguals should use an iambic one. For bilinguals, it was hypothesized that patterns of stress-based segmentation could depend on which language was dominant: in English, learning to pay attention to stress is very useful, thus an English-dominant bilingual would be more likely to process the crosslinguistic stress patterns and switch parsing strategies. In French, however, stress is not as reliable a cue to word boundaries since it only exists at the phrasal level. A French-dominant bilingual might therefore use an iambic parsing strategy in both languages. However, in order to assess the impact of language dominance, it is imperative that first dominance be properly established for each participant.
GENERAL METHOD
Two sets of stimuli (one Canadian English, one Canadian French) were created by recording natural speech produced by female native speakers, one in each language. The ALL speech streams were constructed using the method described in Curtin, Mintz, and Christiansen (2005) . Each familiarization stream was made up of a string of 18 syllables, of which every third syllable was stressed (bi.fa.se.na.zi.sha, etc.) All syllables are CV, and permissible and phonetically similar in both languages. Recordings were done in 5-syllable frames to elicit natural coarticulation and prosody. The middle three syllables (unstressed -stressed -unstressed) were spliced out from these frames at zero-crossings and then concatenated together. This sequence was repeated as needed to build a 2-minute stream. Statistical co-occurrence was also controlled: each syllable has a .5 probability of preceding or following two other syllables. Intensity was not a significant cue for stress in either language, while pitch and duration were significant cues to stress in both. However, the pitch differences were larger in English and duration differences were larger in French, consistent with previous cross-linguistic findings (e.g Vaissière & Michaud, 2006) .
After participants heard this familiarization stream (free-field presentation in a sound-proof booth), they were given a questionnaire and played a list of 12 three-syllable pseudowords, in which each syllable had equalstress (i.e with no stress contour) . To build the pseudowords, each syllable was recorded in isolation in a CVC (for the first two syllables) or a CV (for the last syllable) frame to maintain coarticulation between syllables. For example, "fav", "vish" and "sha" became "favisha." Then, the codas on the first two syllables were spliced out of the CVC at zero-crossings and spliced together to form the 'favisha' sequence. Thus, the test items had the same coarticulatory properties as the corresponding sequence in the familiarization stream. For each pseudoword, participants were asked to indicate whether or not they had heard the pseudoword previously in the 2-minute stream of syllables (YES or NO) . Nine of the pseudowords matched a 3-syllable sequence that occurred in the stream including sequences that occurred as a strong-weak-weak sequence (initial), a weak-strong-weak one (medial), or a weak-weak-strong one (final), with three of each type. The remaining 3 pseudowords were (non-word) controls; these sequences were composed of syllables that occurred in the stream but were never adjacent to each other. 
EXPERIMENT ONE Listeners
Fifty-four adults (27 males) between 18 and 29 years old were tested (mean age = 22.5 years). Participants were recruited in Montreal from ads placed in local French and English universities. Twenty-six participants were native monolingual adult speakers of Canadian English; twenty-eight participants were native monolingual adult speakers of Canadian French.
Procedure
Participants were randomly assigned to the native-language group (English participants, English stream; French participants, French stream) or the non-native group (English participants, French stream; French participants, English stream). As such, all monolingual participants only heard one familiarization stream.
Results and Discussion
We first examined if adults could identify sequences as occurring in the artificial language. A familiarity score was computed for each trial type initial, medial, final, control by adding the yes (=1)/no (= 0) scores. These scores were analysed with an ANOVA for Trial Type [initial, medial, final, control] , Participant Language [English, French] , and Familiarization Language [English, French] . There was a significant main effect of trial type (F(3,150) = 10.86, p < .001, η 2 = .179) and a significant interaction between trial type and participant language (F(3,150) = 16.72, p < .001, η 2 = .251). There was no effect of familiarization language and no other significant interactions. To further explore the source of the interaction, we examined each of the participant language groups. Using planned pairwise comparisons, we found that for adult monolingual English adults, the initial and medial trial types were more familiar than the controls (see Figure 1 ), indicating that English monolinguals were using a trochaic parsing pattern when they heard either the English-or French-accented speech streams. For the French monolingual participants, a different pattern emerged; their familiarity scores for the final items were higher compared to all other trial types ( Figure 2 ). this pattern, indicates that French monolinguals were using an iambic parsing pattern when they heard either the French-or English-accented speech streams. 
EXPERIMENT TWO Listeners
Thirty-six adults (9 males) between 18 and 39 years (mean age = 24 years) were recruited in Montreal from ads placed in the community and in a local English university. Nine were simultaneous French-English bilinguals (i.e., exposed to both languages before the age of 3); the rest were sequential bilinguals. Of the latter group, eleven participants had English as their L1 while the remaining 16 had French as their L1. Language dominance was assessed using the Hearing in Noise Test (HINT) in the 0 0 configuration (for setup, see House Ear Institute, n.d.). Given that this test is an index of native language proficiency and that there exist equivalent versions in Canadian French and (American) English (see Soli and Wong (2008) for a discussion), it was thought that this could provide an improvement over current methods used to assess language dominance. However, as this is the first time that the HINT has been used in this manner, two more traditional methods -self-ratings via a language questionnaire and native speakers' judgments of subjects' spontaneous speech -were also used. As the HINT difference scores (i.e. French score minus English score) correlated very highly with the difference scores of self-reported comprehension (r = .812, p < .001), self-reported speaking abilities (r = .765, p < .001), judges' fluency ratings (r =.803, p <.001), and judges' accent ratings (r =.787, p <.001), it was concluded that the use of the HINT to determine language dominance was valid. As such, the HINT was used to classify 18 of the bilingual participants as French-dominant, and 18 as English-dominant.
Procedure
Testing for the bilingual participants comprised six steps: (1) the Language Experience and Proficiency Questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007) ; (2) either the English or French segmentation task; (3) a quick hearing screening (20dB at 500, 1000, and 2000Hz); (4) the HINT in both English (Nilsson, Soli, & Sullivan, 1994) and French (Vaillancourt, Laroche, Mayer, Basque, Nali, et al., 2005) ; (5) recordings of the participant describing a scene (the ''cookie theft" from Goodglass & Kaplan, 1983) in both languages; and lastly (6) the segmentation task again, in the opposite language as step (2). The order of the languages for the segmentation task and the HINT were both counterbalanced across participants; for the recordings, participants were asked to use their non-dominant language first. Subsequent to the collection of all participants' data, 12 new adults (6 nativeEnglish speakers and 6 native-French speakers) listened to the recordings in their native language and rate them (on a scale of 1 to 9) for fluency as well as for accent.
Results and Discussion
Using familiarity scores (same as experiment 1), an initial ANOVA examined the effects of Dominant Language [English, French] [initial, medial, final, control] . There was a significant main effect of trail type, F(3,78) = 3.498, p = .023, η 2 = .119 as well as a two-way interaction between trial type and order, F(3, 78) = 4.392, p = .009, η 2 = .145. No other main effect or interaction reached significance. The variable of native language was consequently dropped from subsequent analyses; however, dominant language and familiarization language were included as they are both relevant to our hypotheses. Regardless, no interaction or main effect of dominant language in any follow-up analyses reached significance, indicating that segmentation strategies used by bilinguals didnot appear to depend on their dominant language or on their native language.
Given the interaction between trial type and order, it appears that bilingual participants varied their segmentation strategy or strategies depending on which stream (English-or French-accented) they heard first. In order to further tease apart these interactions, participants who heard the English familiarization stream first were analyzed separately from participants who heard the French familiarization stream first. For participants who heard the French familiarization stream first, there was a significant main effect of familiarization language F(1, 15) = 6.071, p = .026, η 2 = .288. For the French stream alone (in this French first/English second test order),there is a significant main effect of trial type F (3, 48) = 5.684, p = .006, η 2 = .261, but pairwise comparisons with Bonferroni corrections reveal that participants rated the medial stress condition as more familiar than the initial condition (see Figure 3) . No other pairs differed, thus this was evidence that subjects could not recognize any of the sequences that occurred in the stream as being more familiar than the control items. For the English stream alone (in the French first/English second test order), however, we found a rather different pattern. There was a significant main effect of trial type, F(3,45) = 6.568, p = .002, η 2 = .305, due to higher average familiarity ratings for the final stress condition (Figure 4 ). As such, bilingual participants used an iambic parsing strategy to parse the English stream when they heard this stream after the French familiarization stream. Recall that this pattern that was observed in monolingual French adults (refer back to Figure 2 ). Next, we examined participants who heard the English stream first. For this group, there was a significant interaction between familiarization language and trial type, F(3, 48) = 3.135, p = .039, η 2 = .164, suggesting that there were differing patterns of segmentation between the English and the French familiarization streams. For the English stream (in the English first/French second order), there was no main effects of trial type. Thus, there was no evidence that subjects could recognize any of the sequences that occurred in the stream as being more familiar than the control (non-sequence) items. As such, bilingual participants are not able to segment out pseudowords in an English-accented stream when they hear this stream first ( Figure 5 ). For the French stream (in the English first/French second order), there was a significant main effect of trial type, F(3,48) = 3.22, p = .037, η 2 = .168. The significant main effect of trial type in this case seems to be driven by a trend which approaches significance (p = .066) for participants to rate the medial condition as more familiar than the control condition. As such, participants who heard the French stream second segmented that stream using a medial parsing strategy (see Figure 6 ). This pattern bears some similarity to the findings for monolingual English adults, but does not match completely. 
SUMMARY AND CONCLUDING DISCUSSION
As predicted, in experiment one, the English monolinguals displayed a trochaic parsing strategy, while the French monolinguals displayed an iambic parsing strategy. The results of experiment two, however, were not really as hypothesized -that is, there was indirect, but not direct, evidence that bilinguals are able to switch processing strategies between languages, and segmentation strategies did not depend on language dominance.
The bilingual participants did not succeed at the first segmentation task, regardless of familiarization language. This stands in stark contrast to monolingual participants who were tested with identical stimuli. Despite the fact that monolinguals only performed the segmentation task once, they still showed robust evidence of parsing. This may be related to the fact that, as proficient speakers of both languages, bilinguals can normally rely on a number of other cues for speech segmentation and, given that stress cues are not reliable and change between languages, bilinguals may not be as "attuned" to using stress as monolinguals. However, just because they did not seem to extract pseudowords on the basis of stress patterns does not mean that they were therefore not perceiving these stress patterns. In fact, the tendency to automatically group a stream of auditory stimuli is so strong that humans will do so even with a string of identical stimuli, such as the ticking of a clock: although each "tick" is in fact identical, we perceive a clock as going "tick tock" or "tock tick." (Bolton, 1894 , as cited in Iverson, Patel, & Ohgushi, 2008 . As such, it is exceedingly unlikely that in this study there were participants who were not chunking the stream of speech syllables into discrete stress-based units, despite not remembering the specific order of phonemes within those units.
Moreover, a failure to successfully segment the pseudowords during the first segmentation task does not mean that bilingual participants never demonstrated any stress-based parsing strategies. On the contrary, bilinguals were able to successfully parse certain pseudowords during the second segmentation task. This time, as predicted, bilinguals differed their strategies depending on the accent of the familiarization stream. However, bilinguals used a trochaic parsing strategy for the French stream (instead of an iambic strategy like French monolinguals, and a medial parsing strategy for the English stream (instead of a trochaic one like English monolinguals). A potential explanation is that participants simply did not switch parsing strategies between the first and second segmentation tasks. In other words, participants who used an iambic parsing strategy for the English stream were primed to do so by the French-accented stream that they had heard first, while participants who used a medial parsing strategy for the French stream were primed by the prior English-accented stream. There are, however, at least two potential problems with this "learning effect" explanation. First, English is generally associated with an initial, not a medial, stress pattern (Cutler & Carter, 1987) . Second, if bilinguals are indeed capable of switching parsing strategies between languages, as seems to be implied by the between-group differences in parsing strategies seen in the second task, why did the participants not switch between tasks?
Our first clue comes from examination of the parsing strategy used by the English monolinguals in experiment one: both the initial and medial trial types were rated as more familiar than the controls. Why would a monolingual use a medial parsing strategy? The widely-held assertion that English is a predominantly trochaic language is based largely on Cutler and Carter's (1987) seminal study of polysyllabic words. However, they did not examine any differences between different syllable lengths (ex: two syllables versus three, etc.). When we look at trisyllabic words alone, the majority have primary stress on the medial syllable (Ernestus & Neijt, 2008) . As such, when faced with English-sounding input in which a trisyllabic pattern is obvious (i.e., every third syllable is stressed), a strategy of extracting medial segments is actually a very good one. This explains why at least some English monolinguals showed a greater familiarity for medial stress and why some bilinguals also extracted medially-stressed segments. The reason for the lack of a switch in processing strategies between familiarization streams might be due to a "processing cost:" there is usually a slightly increased reaction time in switching from one language to the other, and there also might be a slight increase in errors (e.g., Costa & Santesteban, 2004, among others) . However, the hypothesis that the lack of a switch in processing strategies in the current study is due to a time delay (i.e., the intervening 30 to 40 minutes between the English and French familiarization streams) is a bit preposterous, considering that studies of language switching focusing on lexical access find delays in the range of milliseconds (Costa & Santesteban, 2004) . Moreover, participants in the current study had been asked to switch back and forth multiple times for the intervening experimental tasks (i.e. the HINT) with no apparent difficulty on their part.
The reason for the lack of a switch in processing strategies between familiarization streams may be that although one stream "sounded like" English, while the other "sounded like" French, they were both, at the end of the day, decidedly neither English nor French. Indeed, participants were even instructed ahead of time that they would be hearing a stream of "nonsense syllables." There is no actual incentive to switch parsing strategies between streams, since they did not have to segment out actual English or French words and they were, in fact, presented two streams with exactly the same sequence. As such, it is possible that bilinguals, when hearing the first segmentation stream, were influenced on the basis of the accent to perceive the same stress pattern in a certain way. A French accent was enough to trigger a final stress pattern, while an English accent was enough to trigger a medial stress pattern. However, for the second segmentation task, although the participants recognize that the accent of the speaker is now different, they have every expectation that the basic task (i.e., pseudoword recall) will be exactly the same. They will succeed at this task regardless of which segmentation strategy they use; as such, there is no incentive to switch strategies. Consequently, whichever strategy they have been primed to use in the first task is carried over to the second task. In short, it is theorized that bilinguals did not switch processing strategies because they did not have to. Moreover, better knowledge of the task expectations, combined with participants' memories of the (essentially identical) stimuli, led to the observed learning effect. One might even argue that if participants had switched processing strategies between segmentation tasks, the learning effect would not have been quite so strong.
The ALL paradigm of the current study might therefore be considered a potential problem in that it lacked ecological validity. Although it allows for the isolation of the effects of stress from all other cues to segmentation (i.e., phonotactic, lexical, and syntactic ones), it is ironically perhaps this lack of higher-order language-specific cues that resulted in the bilingual participants not switching stress-based strategies between streams. Goetry and Kolinsky (2000) , studying speech segmentation in bilingual (French-Dutch) participants, used naturalistic stimuli with actual Dutch and French phrases. Thus, there was a very real incentive for their participants to switch processing strategies which they did. A follow-up study in which real words in sentences are used in a within-subject paradigm with French-English bilinguals would be necessary in order to confirm or deny the importance of higher-order lexical and/or syntactic cues in triggering a change in prosodic processing strategies.
All this is not to say that the current study did not contribute to our understanding of bilinguals' use of prosody for speech segmentation. Participants demonstrated a clear difference in segmentation strategies between familiarization streams for the second segmentation task, supporting the hypothesis that bilinguals can switch parsing strategies depending on the language of input, matching Goetry and Kolinsky's (2000) finding. Additionally, this study found no effect of native language or dominant language status, contrary to Cutler, Mehler, Norris, and Segui's (1989) and Kearns' (1994) studies, who both found effects of language dominance. As discussed previously, though, there are a number of theoretical and methodological concerns about both studies, not least of which is the fact that despite identical methods, these two studies got opposing results. As such, the effect of language dominance on prosodic-based segmentation, if it exists, is not very robust.
A final way to look at the results of this study is to consider that the use of an ALL paradigm was in fact serendipitous. Had more naturalistic stimuli been used, and had we seen a within-subject as well as between-subject switch in processing strategies between languages, we might have concluded that bilinguals have two completely separate processing systems (one for English, one for French) at the level of prosody that are uninfluenced by each other. Instead, in this study we see evidence of interference between languages: despite hearing a new accent, bilinguals in this study continued to use a processing strategy that had been primed by the accent heard during the first segmentation task. This finding of interference between the two language systems is largely in line with the existing body of evidence on bilingual language processing (van Heuven & Dijkstra, 2010) ; that is to say, that at all levels, there are some common processing elements between languages.
In sum, although the results of this study were unexpected, they provide indirect evidence that English-French bilinguals, regardless of language dominance or native language status, perceive language-specific prosodic cues in each of their languages. However, this perception of prosodic cues does not necessarily translate into the ability to use these cues for the purposes of speech segmentation. Moreover, it would seem that under certain conditions (i.e.,
